HEAT SPREADER MODULE 



BACKGROUND OF THE INVENTION 
Field of the Invention: 

The present invention relates to a heat spreader module 
which is used to cool, for example, an IC chip of a 
semiconductor or the like. 
Description of the Related Art: 

In general, a heat spreader module, which is used as a 
member for effectively dissipating the heat generated by a 
semiconductor device such as IGBT (Insulated Gate Bipolar 
Transistor) , is provided with a base for joining a heat 
spreader member to a heat sink which serves as a heat- 
releasing member, in addition to a joined unit of a circuit, 
an insulating substrate, and the heat spreader member (heat- 
dif fusing layer) . 

Conventionally, the base is composed of copper. When 
the joined unit is joined to the base, the joining is 
performed by using a solder layer (melting point = about 
250° C) in many cases. In this procedure, the situation is 
to the extent that the base is exposed to the joining 
temperature for the solder layer for a short period of time. 
It has been unnecessary to consider the softening by 
annealing in such a degree that the strength is lost. 

However, there have been factors to raise the 
production cost which causes a high price, because of the 
large heat resistance brought about by the solder layer and 



the route to pass through the two steps, i.e., the step of 
brazing and soldering the circuit and the insulating 
substrate and the step of joining the joined unit and the 
base . 

In view of the above, the present inventors have 
previously disclosed, in Japanese Laid-Open Patent 
Publication No. 2002-43482, a technique in which any joining 
layer, which causes the heat resistance, is not allowed to 
remain by joining a circuit, an insulating substrate, and a 
base by using a hard solder material while applying a 
pressure, wherein the joining is performed in one step. 
According to this technique, it is possible to inexpensively 
obtain a heat spreader module which has a high coefficient 
of thermal conductivity. 

However, in the technique in which the joining is 
completed in one step as described above, the base is heated 
up to the melting point of the hard solder material. 
Therefore, it is feared that the base may be softened. 
Further, it is feared that the base may be deformed with 
ease during the handing in the production process . 

SUMMARY OF THE INVENTION 
The present invention has been mage taking the problems 
as described above into consideration, an object of which is 
to provide a heat spreader module which makes it possible to 
suppress a base from deformation even when a hard solder 
material is used as a joining material and which does not 



lowers the coefficient of thermal conductivity. 

According to the present invention, there is provided a 
heat spreader module comprising at least a heat spreader 
member and an insulating substrate which are joined on a 
5 base; wherein the base includes a copper alloy which has a 

proof stress of not less than 45 MPa and a coefficient of 
thermal conductivity of not less than 270 W/mK after 
performing a heat treatment between 600° and 900° C for 10 
minutes . 

10 At first, it is assumed that the heat spreader module 

is completed by means of one-time joining by using hard 
solder materials as a joining material for the base and the 
heat spreader member and as a joining material for the heat 
spreader member and the insulating substrate. On this 

15 assumption, the hard solder material is generally a brazing 

material having a melting temperature of not less than 450° 
C. Therefore, when the pure copper is used for the base, 
the pure copper is softened such that the strength is not 
more than 250 MPa and the proof stress is not more than 30 

20 MPa, due to the heat history brought about by the joining. 

If the proof stress value is extremely lowered as described 
above, then the shape deformation tends to be caused even in 
the routine handling such as the attachment of the heat 
spreader module to a heat sink member by using a means such 

2 5 as the fastening with screws, and any inconvenience 

sometimes arises when the heat spreader module is used. 

However, the present invention uses, as the base, the 



- 3 - 



copper alloy which has the proof stress of not less than 45 
MPa and the coefficient of thermal conductivity of not less 
than 270 W/mK after performing the heat treatment between 
600° and 900° C for 10 minutes. Therefore, even when the 
hard solder material is used as the joining material, the 
handling is not inconvenient unlike the heat spreader module 
comprising the base formed of pure copper in which the base 
is extremely softened. 

That is, in the present invention, even when the 
joining method, which makes it possible to effectively 
reduce the production cost to be inexpensive, is used, the 
base is not deformed, for example, during the handling to be 
performed thereafter. Further, the present invention 
scarcely undergoes the decrease in coefficient of thermal 
conductivity of the heat spreader module which would be 
otherwise caused as a harmful influence in order to secure 
the proof stress value. 

In other words , it is possible to maintain the strength 
of the base while the coefficient of thermal conductivity 
required for the heat spreader module is scarcely lowered. 
It is possible to reduce the production cost of the heat 
spreader module, realize the easy handling, and improve the 
reliability. 

In relation to the heat spreader module constructed as 
described above, it is preferable that the copper alloy of 
the base is any one of : 

(a) a copper alloy comprising 0.1 to 1.5 mass % Cr and 



the balance being Cu; 

(b) a copper alloy comprising 0.1 to 0.5 mass % Zr and 
the balance being Cu; 

(c) a copper alloy comprising 0.05 to 0.3 mass % Zr, 
0.3 to 1.2 mass % Cr, and the balance being Cu; 

(d) a copper alloy comprising 0.01 to 1.5 mass % Ag and 
the balance being Cu; 

(e) a copper alloy comprising 1.4 to 3.0 mass % Fe, 
0.05 to 0.2 mass % Zn, 0.01 to 0.1 mass % P, and the balance 
being Cu; and 

(f) alumina-dispersed copper. 

On the other hand, the heat spreader member may 
comprise a composite material including a C base material 
impregnated with one of Cu and a Cu alloy, or a composite 
material comprising an SiC base material impregnated with 
one of Cu and a Cu alloy. Further, the heat spreader member 
may comprise a composite material including carbon and one 
of copper and a copper alloy, or a composite material 
comprising SiC and one of copper and a copper alloy. 

The insulating substrate may comprise A1N or Si 3 N 4 . 
Further, at least the base, the heat spreader member, and 
the insulating substrate may be joined with a hard solder 
material having a melting point of not less than 600° C. 

It is preferable that the base has a thickness of not 
less than 0.5 mm, and the thickness is not more than 40% of 
an entire thickness of the heat spreader module. 

An IC chip may be carried on the insulating substrate 



with an electrode interposed between the IC chip and the 
insulating substrate. Further, a heat -releasing member may 
be joined under the heat spreader member. 

The above and other objects, features, and advantages 
5 of the present invention will become more apparent from the 

following description when taken in conjunction with the 
accompanying drawings in which a preferred embodiment of the 
present invention is shown by way of illustrative example. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a vertical sectional view illustrating a 
structure of a heat spreader module according to an 
embodiment of the present invention; 

FIG. 2 shows a magnified view illustrating an SiC/Cu 
15 composite material as an example of the constitutive 

material for a heat spreader member ; 

FIG. 3 shows a magnified view illustrating a C/Cu 
composite material as another example of the constitutive 
material for a heat spreader member; 
20 FIG. 4 shows a table illustrating results of an 

exemplary experiment to measure the proof stress of the base 
and the coefficient of thermal conductivity of the heat 
spreader module joined under a predetermined joining 
condition in relation to Comparative Examples 1 to 3 and 
25 Examples 1 to 10; 

FIG. 5A illustrates a setting step; and 
FIG. 5B illustrates a joining step. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Illustrative embodiments of the heat spreader module 
according to the present invention will be explained below 
with reference to FIGS. 1 to 5 . 

As shown in FIG. 1, a heat spreader module 10 according 
to an embodiment of the present invention comprises a base 
12, a heat spreader member 14 which is arranged on the base 
12, a thermal conductive layer 16 which is arranged on the 
heat spreader member 14, a first joining member 18 which is 
allowed to intervene between the base 12 and the heat 
spreader member 14, and a second joining member 20 which is 
allowed to intervene between the heat spreader member 14 and 
the thermal conductive layer 16. 

The thermal conductive layer 16 includes an insulating 
substrate 22, an intermediate layer 24 which is allowed to 
intervene between the insulating substrate 2 2 and the heat 
spreader member 14, a circuit board 26 which is arranged on 
the insulating substrate 22 and which is composed of Cu or 
Al, a third joining member 28 which is allowed to intervene 
between the intermediate layer 2 4 and the insulating 
substrate 22, and a fourth joining member 30 which is 
allowed to intervene between the insulating substrate 22 and 
the circuit board 26. 

An IC chip 34 is mounted on the circuit board 26 with 
an underlayer 32 intervening therebetween. A heat sink 36 
which serves as a heat-releasing member composed of, for 



example, Al or Cu, is fixed to the lower surface of the base 
12, for example, by means of the fastening with screws (not 
shown) . A1N or Si 3 N 4 can be used for the insulating 
substrate 22. 

It is preferable that the coefficient of thermal 
conductivity of the heat spreader member 14 is not less than 
150 W/mK, for the following reason. That is , if the 
coefficient of thermal conductivity is less than 150 W/mK, 
the heat, which is generated by the IC chip 34 as the heat 
spreader module 10 is used, is transmitted to the outside of 
the heat spreader module 10 at a slow speed. Therefore, a 
poor effect is obtained to retain a constant temperature of 
the heat spreader module 10. 

The constitutive material for the heat spreader member 
14 is not specifically limited provided that the coefficient 
of thermal conductivity and the coefficient of thermal 
expansion are within the ranges as described above. 
However, preferred examples may include at least one 
selected from the group consisting of SiC, A1N, Si 3 N 4 , BeO, 
A1 2 0 3 , Be 2 C, C, Cu, Cu alloy, Al, Al alloy, Ag, Ag alloy, and 
Si. That is, the heat spreader member 14 can be composed of 
a composite material comprising a single substance or two or 
more substances selected from them. The composite material 
may be exemplified, for example, by an SiC/Cu composite 
material 40 (see FIG. 2) and a C/Cu composite material 42 
( see FIG. 3) . 

As shown in FIG. 2, the SiC/Cu composite material 40 is 



obtained by impregnating open pores 46 of a porous sintered 
body 44 composed of SiC with Cu or Cu alloy 48 , and then 
solidifying Cu or Cu alloy 48. 

As shown in FIG. 3, the C/Cu composite material 42 is 
obtained by impregnating open pores 52 of a porous sintered 
body 50 with melted Cu or Cu alloy 54 , and then solidifying 
Cu or Cu alloy 54, wherein the porous sintered body 50 is 
obtained by preliminarily sintering carbon or allotrope 
thereof to form a network. The C/Cu composite material 42 
is exemplified, for example, by a member described in 
Japanese Laid-Open Patent Publication No. 2001-339022. 

When the heat spreader member 14 is composed of the 
composite material or the alloy as described above, the 
coefficient of thermal expansion and the coefficient of 
thermal conductivity can be controlled by setting the 
composition ratios of the constitutive components so that 
the coefficient of thermal expansion is 3 . 0 x 10" 6 to 1 . 0 x 
10" 5 /K and the coefficient of thermal conductivity is not 
less than 150 W/mK. 

It is preferable that each of the first to fourth 
joining members 18, 20, 28, 30 is a hard solder material 
containing an active element. In this case, the active 
element include at least one of elements belonging to Group 
2A in the periodic table such as Mg, Sr, Ca, Ba, and Be, 
Group 3A such as Ce, Group 4A such as Ti and Zr, Group 5A 
such as Nb, and Group 4B such as B and Si. In this 
embodiment, a hard solder material of Ag-Cu-Ti or a hard 



solder material of Ag-Cu-In-Ti was used as the first to 
fourth joining members 18, 20, 28, 30, In this case, the 
active element is Ti. 

On the other hand, as shown in FIG. 1, the underlayer 
32 comprises a solder layer 60 which is formed on the 
thermal conductive layer 16, and an Ni layer 62 which 
improves the wettability of the IC chip 34 with respect to 
the solder layer 60. 

In the heat spreader module 10 according to this 
embodiment, the base 12 is composed of a copper alloy which 
has a proof stress of not less than 45 MPa and a coefficient 
of thermal conductivity of not less than 270 W/mK after 
performing a heat treatment between 600 and 900 °C for 10 
minutes . 

The copper alloy for constructing the base is 
preferably any one of: 

(a) a copper alloy comprising 0 . 1 to 1.5 mass % Cr and 
the balance being Cu; 

(b) a copper alloy comprising 0.1 to 0.5 mass % Zr and 
the balance being Cu; 

(c) a copper alloy comprising 0.05 to 0.3 mass % Zr, 
0.3 to 1.2 mass % Cr, and the balance being Cu; 

(d) a copper alloy comprising 0.01 to 1.5 mass % Ag and 
the balance being Cu; 

(e) a copper alloy comprising 1.4 to 3.0 mass % Fe, 
0.05 to 0.2 mass % Zn, 0.01 to 0.1 mass % P, and the balance 
being Cu; and 
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(f ) alumina -dispersed copper. 

It is preferable that the thickness t5 of the base 12 
is not less than 0.5 mm, and the thickness t5 is not more 
than 40% of the entire thickness t6 of the heat spreader 
5 module 10. 

An exemplary experiment will now be described. This 
exemplary experiment resides in an observation about the 
proof stress of the base 12, the coefficient of thermal 
conductivity of the heat spreader module 10, and the 
10 deformation ratio during the handling after performing the 

joining under the following joining condition for 
Comparative Examples 1 to 3 and Examples 1 to 10. 

The joining condition was as follows. That is, Ag- 
27Cu-13In-l . 3Ti was used as the first to fourth joining 
15 members 18, 20, 28, 30, the joining temperature was 830° C, 

. and the treatment time was 10 minutes. 

Details of Comparative Examples 1 to 3 and Examples 1 
to 10 are shown in FIG. 4 together with results of the 
measurement. In FIG. 4, tl represents the thickness of the 
20 circuit board 26, t2 represents the thickness of the 

insulating substrate 22, t3 represents the thickness of the 
intermediate layer 24, and t4 represents the thickness of 
the heat spreader member 14. 

The deformation ratio in the handling indicates the 
25 ratio of the appearance of deformation deviated from the 

standard size as observed after each of the heat spreader 
modules 10 constructed in accordance with Comparative 
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Examples 1 to 3 and Examples 1 to 10 was fastened with bolts 
to a heat sink member made of Al to perform the evaluation. 

In FIG. 4, t5 represents the thickness of the base 12 , 
t6 represents the entire thickness of the heat spreader 
module 10, and t5/t6 represents the ratio of the thickness 
t5 of the base 12 with respect to the entire thickness t6 of 
the heat spreader module 10. 

In FIG. 4, Xb represents the coefficient of thermal 
conductivity of the base 12 after the joining, YS represents 
the proof stress of the base 12 after the joining, and Xm 
represents the coefficient of thermal conductivity of the 
joined heat spreader module 10. 

The following measuring methods were adopted. That is, 
the joined unit was actually measured for the coefficient of 
thermal conductivity of the base 12 itself after the joining 
and the coefficient of thermal conductivity of the entire 
heat spreader module 10. However, the proof stress YS of 
the base 12 after the joining was based on the use of a 
measured value obtained for a test sample which belonged to 
the same production lot and which was made of the same 
materials applied with the same heat history by placing the 
test sample in the same joining furnace as that used for the 
heat spreader module 10 to be joined. 

The following materials were used for all of 
Comparative Examples 1 to 3 and Examples 1 to 10. That is, 
a pure copper plate having a thickness of 0.3 mm was used as 
the circuit board 26, an SN substrate having a thickness of 



0.3 mm was used as the insulating substrate 22, a pure 
copper plate having a thickness of 0 . 3 mm was used as the 
intermediate layer 24, and a C/Cu composite material having 
a thickness of 3 mm was used as the heat spreader member 14. 

In Comparative Example 1, a pure copper plate having a 
thickness of 1 mm was used as the base 12. In Comparative 
Example 2, a pure copper plate having a thickness of 2 mm 
was used as the base 12. In Comparative Example 3, a copper 
alloy having a thickness of 2 mm comprising 2.2 mass % Sn 
and the balance being Cu was used as the copper alloy for 
constructing the base 12. 

In Examples 1 to 4, a copper alloy comprising 0.8 
mass % Cr and the balance being Cu was used as the copper 
alloy of the base 12 respectively. The thickness t5 of the 
base 12 was 0 . 5 mm in Example 1 (t6 = 5.1 mm, (t5/t6) x 100 
= 9.8%), 1 mm in Example 2 (t6 = 5.6 mm, (t5/t6) x 100 = 
17.9%), 2 mm in Example 3 (t6 = 6.6 mm, (t5/t6) x 100 = 
30.3%), and 3 mm in Example 4 (t6 = 7.6 mm, (t5/t6) x 100 = 
39.5%) . 

In Examples 5 and 6, a copper alloy comprising 1.0 
mass % Cr, 0.2 mass % Zr, and the balance being Cu was used 
as the copper alloy of the base 12 respectively. The 
thickness t5 of the base 12 was 1 mm in Example 5 (t6 = 5.6 
mm, (t5/t6) x 100 = 17.9%) and 2 mm in Example 6 (t6 = 6.6 
mm, (t5/t6) x 100 - 30.3%). 

In Examples 7 and 8, a copper alloy comprising 0.25 
mass % Zr and the balance being Cu was used as the copper 



alloy of the base 12 respectively. The thickness t5 of the 
base 12 was 1 mm in Example 7 (t6 = 5.6 mm, (t5/t6) x 100 = 
17.9%) and 2 mm in Example 8 (t6 = 6.6 mm, (t5/t6) x 100 = 
30.3%) . 

5 In Example 9, a copper alloy comprising 0.7 mass % Ag 

and the balance being Cu was used as the copper alloy of the 
base 12. The thickness t5 of the base 12 was 2 mm (t6 = 6.6 
mm, (t5/t6) x 100 = 30.3%). 

In Example 10, a copper alloy comprising 2.3 mass % Fe, 
10 0.12 mass % Zn, 0.03 mass % P, and the balance being Cu was 

used as the copper alloy of the base 12. The thickness t5 
of the base 12 was 2 mm (t6 = 6.6 mm, (t5/t6) x 100 = 
30.3%) . 

As shown in the results of the measurement in FIG. 4, 
15 in Comparative Examples 1 and 2, the base was deformed in 

the handling, because the proof stress after the joining was 
low, i.e., 14 MPa. On the other hand, in Examples 1 to 10, 
no trouble arises in the handling to be performed 
thereafter, because the proof stress after the joining is 
20 high, i.e., not less than 45. Further, the following fact 

is appreciated in relation to any one of Examples 1 to 10. 
That is, the coefficient of thermal conductivity of the heat 
spreader module 10 is not less than 280 W/mK. The 
deterioration of the thermal conductivity characteristic is 
25 suppressed to be less than 10% as compared with the case in 

which the pure copper is used for the base. The coefficient 
of thermal conductivity is scarcely lowered when those 
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having appropriate coefficients of thermal conductivity are 

used as the copper alloy. 

In Comparative Example 3, the deformation is not caused 

in the base during the handling, because the proof stress 
5 after the joining is high, i.e., 165 MPa. However, the 

coefficient of thermal conductivity of the base is low, 

i.e., 225 W/mK. Therefore, Comparative Example 3 is not 

desirable, because the coefficient of thermal conductivity 

of the heat spreader module 10 is 251 W/mK, which results in 
10 the deterioration of the thermal conductivity characteristic 

by not less than 10% as compared with the case in which the 

pure copper is . 

Next , an explanation will be made with reference to 

FIGS . 5A and 5B about a method for producing the heat 
15 spreader module 10 according to the embodiment of the 

present invention . 

First, in a setting step shown in FIG. 5A, the first 

joining member 18, the heat spreader member 14, the second 

joining member 20, the intermediate layer 24, the third 
20 joining member 28, the insulating substrate 22, the fourth 

joining member 30, and the circuit board 26 are placed 

(subjected to the setting) in this order on the base 12. 

The setting step is performed, for example, in the 

atmospheric air. 

25 Subsequently, in a joining step shown in FIG. 5B, the 

base 12, on which the first joining member 18, the heat 
spreader member 14, the second joining member 20, the 
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intermediate layer 24 , the third joining member 28, the 
insulating substrate 22 , the fourth joining member 30, and 
the circuit board 26 have been set, is fixed on a jig 70. 
The temperature is raised and lowered to effect the joining 
while applying the pressure in the downward direction, for 
example, in a vacuum atmosphere of 1.0 x 10" 5 Torr or low. 
As a result of the joining treatment, the joined unit, i.e., 
the heat spreader module 10, in which the circuit board 26, 
the insulating substrate 22, the intermediate layer 24, the 
heat spreader member 14, and the base 12 are integrated into 
one unit as shown in FIG. 1, is obtained. 

In the joining step, it is preferable that the pressure 
is applied with a force of not less than 0.2 MPa and not 
more than 10 MPa. In this procedure, the average 
thicknesses of the first to fourth joining members 18, 20, 
28, 30 after the joining are not more than 50 [xm, desirably 
not more than 10 ^m, and more desirably not more than 5 jxm. 
The thicknesses can be controlled in accordance with the 
application of the pressure as described above. 

As described above, in the heat spreader module 10 
according to the embodiment of the present invention, the 
base 12 is not excessively softened, and no deformation is 
caused during the handling to be performed thereafter even 
when the heat treatment is performed for 10 minutes at the 
temperature of 600° to 900° C which is not less than the 
melting point of the hard solder material when the heat 
spreader module 10 is completed by means of the one-time 



joining as shown in FIGS. 5A and 5B by using the hard solder 
material as the first to fourth joining members 18, 20, 28, 
30 respectively. 

That is, in the embodiment of the present invention, 
even when the joining method, which makes it possible to 
effectively reduce the production cost to be inexpensive, is 
used, the base 12 is not deformed, for example, during the 
handling to be performed thereafter. Further, the 
embodiment of the present invention scarcely undergoes the 
decrease in coefficient of thermal conductivity of the heat 
spreader module 10 which would be otherwise caused as a 
harmful influence in order to secure the proof stress value. 

In other words, it is possible to maintain the strength 
of the base 12 while the coefficient of thermal conductivity 
required for the heat spreader module 10 is scarcely 
lowered. It is possible to reduce the production cost of 
the heat spreader module 10 to be inexpensive, realize the 
easy handling, and improve the reliability. 

It is a matter of course that the heat spreader module 
according to the present invention is not limited to the 
embodiment described above, which may be embodied in other 
various forms without deviating from the gist or essential 
characteristics of the present invention. 

As explained above, according to the heat spreader 
module concerning the present invention, it is possible to 
suppress the deformation during the handling, because the 
proof stress value of the base is successfully maintained to 



be not less than the certain value after the joining as well 
even when the hard solder material is used as the joining 
material. Further, the coefficient of thermal conductivity 
is not lowered. 
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